varicocele induces gradual and progressive damage. Fertility Padova, Via Gabelli 61, 35100 Padova Italy may therefore be preserved in the early stages of the condition. 4 To whom correspondence should be addressed Studies have demonstrated that induced varicocele in both To assess whether changes in spermatogenesis are rats (Nagler et al., 1985) and dogs (Saypol et al., 1981) provokes alterations in spermatogenesis which become more present in men suffering from varicocele who are still marked over a period of time.
normospermic, a comparative flow cytometric analysis of
The same behaviour was described in men by Cheval and the left and right testicular DNA content was performed Purcell (1992) , who studied 13 normospermic men aged 25-on 26 young normospermic males (sperm density 35 years with a palpable varicocele which was left untreated. >20⍥10 6 /ml), with varying degrees of asthenospermia.
After an average interval of 44 months, these subjects were Cell samples were obtained by fine needle aspiration found to have an 80% reduction in sperm number. In 1993,
biopsy. Flow cytometric analysis revealed four peaks in
Gorelick and Goldstein showed that varicocele was present in the nuclear DNA content: (i) two peaks for haploid cells 35% of infertile men who had never been fertile (primary (1-A), the first composed of highly condensed nuclear infertility) and in 81% of infertile subjects who had previously cells (1Ac), essentially spermatozoa, and the second of been able to father a child (secondary infertility). From the less condensed cells, essentially spermatids (1-Anc); (ii) evidence of a progressive reduction in fertility Gorelick and a third peak of diploid cells (2-D): somatic cells, G1-stage Goldstein (1993) suggested that preventive surgical treatment spermatogonia, primary and secondary spermatocytes and is indicated in youth.
(iii) a fourth peak of tetraploid cells, essentially post-
The effectiveness of varicocelectomy is still debatable: leptotene primary spermatocytes and G2-M-stage spermseveral authors (Yamamoto et al., 1994; Nieschlag et al., 1995) 
atogonia (4-T). Flow cytometry showed the left testis to
found no statistically significant difference in pregnancy rates have a lower percentage of haploid cells than the right between treated and non-treated varicocele groups. The poss-(mean 48.4 ⍨ 17.9 versus 57 ⍨ 15.4%, P < 0.05).
ible explanations are either that varicocelectomy does not remove the cause of the varicocele-induced infertility or that Significantly fewer condensed cells were found on the the testicular alterations are irreversible. left side than on the right (respectively 19.7 ⍨ 11.2
It is logical to assume, however, that young subjects affected versus 31.5 ⍨ 13.5%, P < 0.004). The diploid cell by varicocele have mild spermatogenic impairment which is percentage was significantly higher in the left testis than likely to be more marked in the testicle ipsilateral to the in the right (37.0 ⍨ 18.5 versus 25.5 ⍨ 9.6, P < 0.003).
varicocele, as indicated by the common clinical finding of No statistically significant differences were found in reduced testicular volume on this side (Lipshultz and Corriere, respect of percentages of either non-condensed and 1977; Pozza et al., 1983) . tetraploid cells (respectively 26.6 ⍨ 14.8 and 11.3 ⍨ 5. 6 To verify this hypothesis, fine needle (21 G) aspiration biopsy on the left and 25.9 ⍨ 10.3 and 12.4 ⍨ 6.2 on the (FNAB) of testes was performed on young normospermic right). Flow cytometric analysis of cadaver biopsy tissue varicocele subjects. This procedure provides sufficient material showed no statistically significant difference between left to evaluate spermatogenesis (Foresta and Varotto, 1992 ; Verma and right testicles in respect of the percentages of haploid, et al., 1992) by flow cytometry which automatically and diploid and tetraploid cells. The reduced percentage of accurately identifies the different testicular cells (haploid, haploid cells and the increase in diploid cells observed diploid and tetraploid) (Hellstrom and Kaack, 1990 ; Hittmair in the left testis of our subjects indicate that the testicular et al., 1992) . This method is therefore suitable for a comparative function is impaired to a greater extent in the testis analysis of the right and left testicles. ipsilateral to varicocele than in the contralateral testicle. Key words: fine needle aspiration biopsy/flow cytometry/ Materials and methods spermatogenic cells/testis/varicocele Twenty-six normospermic soldiers (sperm density Ͼ20ϫ10 6 /ml), aged 19-21 years, suffering from left varicocele were studied. All were found on the left side than on the right (respectively 19.7
FNAB of both testes was performed on all subjects, with their Ϯ 11.2 versus 31.5 Ϯ 13.5%, P Ͻ 0.004), whereas there consent, during anaesthesia for varicocelectomy. The aspirated matwas no statistically significant difference in respect of the erial,~0.5 ml, was rinsed into a collection tube, washed in cold percentages of either non-condensed cells (26.6 Ϯ 14.8% on phosphate buffered saline (PBS), stained with propidium iodide (PI, the left and 25.9 Ϯ 10.3% on the right) and tetraploid cells 50 µg/ml in 0.12% sodium citrate containing 0.1% Triton X-100) (11.3 Ϯ 5.6% on the left and 12.4 Ϯ 6.2% on the right). The and kept in the dark overnight at 4°C.
diploid cell percentage was significantly higher in the left
Flow cytometric analysis of the DNA content was performed using testis than in the right (37.0 Ϯ 18.5 versus 25.5 Ϯ 9.6, a Coulter Epics-Elite flow cytometer (Coulter Electronics, Hialeah, P Ͻ 0.003).
USA) equipped with a 488 nm argon ion laser.
Flow cytometric analysis of the cadaver testicular biopsy
At least 10 000 cells were examined in each sample. Human tissue did not show any statistical difference between the left lymphocytes were used as the standard to define the position of the diploid G0/G1 peak in the DNA histograms. The areas of the four and right testicles in respect of the percentages of haploid, peaks were calculated and each peak was expressed as a percentage diploid and tetraploid cells (Figure 2 ).
of the whole area. To identify possible differences between the right and left testes, the testicular DNA content from biopsies of nine cadavers, aged 45-71 years, with no monolateral testicular disease,
Discussion
was assessed by flow cytometry.
The testicular histological picture in varicocele patients has Student's t-test for paired data was performed for statistical analysis.
been investigated repeatedly with very different descriptions.
A P value Ͻ0.05 was regarded as statistically significant.
The most frequent finding seems to be the presence of immature germ cell exfoliation in the tubular lumen (Cameron et al., Results 1980; Jones et al., 1988 ) but a reduction in germinal cells has also often described (Charney, 1962) . Rarely, these cells are Seminal parameters in the varicocele subjects and in the control group are shown in Table I . Although sperm concentration completely absent (Wang et al., 1991) . Different stages of maturational arrest (McFadden and Mehan, 1978) and changes was similar in the two groups, the percentage of motile spermatozoa was lower in those affected by varicocele, since in Sertoli cells may also be seen (Cameron and Snydle, 1982) . The lower the sperm density, the greater the change in the asthenospermia was an indication for varicocelectomy. The values of VSL, ALH and percentage of morphologically normal histological picture (Agger and Johnsen, 1978; Hadziselimovic et al., 1986) . spermatozoa were significantly lower in the varicocele group than in the controls. VCL and linearity did not show any Few studies have compared the histological features of the testis ipsilateral to the varicocele with those of the contralateral statistically significant difference between the two groups.
Flow cytometric analysis revealed four peaks in the nuclear testis. It is well known that subjects with severe oligospermia have histological changes in both testes and researchers who DNA cellular content: (i) two peaks for haploid cells (1-A) , the first composed of highly condensed nuclear cells (1-Ac), examine the testicular histology by traditional (Charney, 1962; Hadziselimovic et al., 1986) or semiquantitative methods essentially spermatozoa, and the second of less condensed cells, essentially spermatids (1-Anc); (ii) a third peak of diploid (Agger and Johnsen, 1978; Wang et al., 1991) usually find no differences between the testicles. Although more marked cells (2-D): somatic cells, G1-stage spermatogonia, primary and secondary spermatocytes, and (iii) a fourth peak of changes in the ipsilateral testis have been described in pubes- cent (Ͻ16 years) varicocele patients (Pozza et al., 1983 ; Kass The pathogenic mechanism of varicocele-induced infertility is still doubtful. Increased temperature (Yamaguchi and Sakaet al., 1987) , these findings conflict with the data of other studies (Jones et al., 1988 (Jones et al., ). toku, 1989 ) and blood reflux from the kidneys or adrenal glands (Comhaire and Vermeulen, 1974) have been suggested As FNAB for flow cytometric analysis could not be performed on healthy subjects for obvious ethical reasons, there as causes of damage to the testis ipsilateral to the varicocele. The changes in the ipsilateral testis probably occur at an earlier is no control group for a comparison of the results obtained in our varicocele subjects. The cadaver data could not be used stage and are more marked than those in the contralateral testicle. as controls for the percentages of the peaks because the subjects were much older than those studied and the tissue Flow cytometric analysis has not been utilized in the studies of varicocele in men, although it has been used in the study was obtained by surgical excision rather than fine needle biopsy. It is, however, noteworthy that in subjects with no of induced varicocele. Nagler et al. (1985) found that varicocele in rats did not alter the flow cytometric picture until day 25 monolateral testicular disease, the cytometric analysis of the right testis is similar to that of the left. after surgery. On day 49, a decrease in haploid cells and increase in diploid cells occurred in the left testis only. Takihara According to the literature (Hittmair et al., 1992) , the percentage of haploid cells in the right testis (57%) can be et al. (1990) described the same pattern in both testicles of rats, the changes being more evident in the left testis. On the considered normal. This result was expected as our subjects had been chosen for their normal sperm concentration.
whole, therefore, the experimental data are compatible with our findings. The finding of a significantly higher percentage of haploid cells in the right testis than in the left is remarkable. As
It is important to establish the characteristics of the variations in haploid and diploid cell percentages as these changes haploid cells appear after meiosis and represent the last stage of spermatogenesis, their reduced number indicates impairment appear to constitute the initial varicocele-induced damage. The reduction of haploid cells on the left side particularly affects of spermatogenesis in the testis ipsilateral to the varicocele.
